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(54) Isopolypeptldes and process for the preparation thereof 

(57) The invention relates to isopolypeptides of the general formula (I) 



H 




as well as their salts, racemates and optical isomers, and to a process for preparing these compounds. 
The compounds exert an antitumour and antiviral effect 

M» ab£e formula » to H- are each hydrogen or C M -alkyl r to 10 to 400 * . £ ^^jJK^ 
Compounds of the above formula wherein m is 0 to 3, n is 0 and R* and R* are each hydrogen are defined per se. 
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ot-polylysine (A-3) caused only stagnaticn cf cell r.jr.cer. 

According to our in vivo experiments IZ'r treat- 
ment resulted in the increased survival of the treated 
animals. In case of Ehrlich tumour the treatment caused 
a very long tumour-free period and tumour growth was- 
observed only after the cessation of treatment. 

S2TP treatment completely prevented metastasis forma- 
tion in the liver when the tumour was inoculated into the 
spleen, and decreased the number and size of lung metastases 
when the tumour was inoculated into the muscle. 

• Accordingly, the polyisolysines and pclyisocrnithines 
produced according to the invention proved to be inhibitors 
of tumour-cell proliferation. Among the coxpc-jncs pcly-iso- 
-lysines showed a surprisingly strong inhibitory effect. 
This effect can be readily compared to the effect cf the 
known best cytostatic drugs based upon the survival of the 
animals. The unexpectedly good antimetastatic effect cf cur 
compounds is evident. An extra benefit cf cu: cocpc-nds is 
their low toxicity which is far less than that cf the cyto- 
static drugs applied till now. 

Our biological investigations showed fcr instance 

maximal tole rable dcse 
that the therapeutic index minitr , al etfectsve ccse 

is a value over 10, while this value is usually well below 
10 in case of most of the known cytostatic drugs. 

No difference was observed between the fciclcgical 
response of males and females in this respect, which is 
also a benefit. 
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Table lb shows, however, that in contrary, H-17 
and K-17 did not influence the prclif erst i c~ cf K-562 ceils. 

Table lc shows that oL-pclyl ysir.e caused the 
stagnation of cell number when compared to the control 
but it did not cause increase of cell number even in high 
dose (100 ^ug/ml). 

The values shown in the Tables mean the cell number 
in the given points in time. Cells were counted in 3 test 
tubes pro dose and in 3 test tubes as control in each point 
of time. 

Table la 

The effect of compounds prepared according to the 
invention (5ZTP-14-15-16-17-18) on the K-562 cell line, 
in vitro . 

Treatment: 1-10-1G0 ^uc/ml, 24 hours after the dilution 
of culture 
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filling and additive agents are used as carriers, e.g. 
■ilk sugar, magnesium stearate, saccharose. talc, stearic 
acic, gelatine, agar-agar, pectin, tragacar.t.. ccllodial 
silica gel, corn starch, algic acid etc. For making 
suppositories, advantageously cacao butter is used. 

The "treatment of plants is expediently carried out 
by transforming the compounds according to the invention 
with usual auxiliary agents such as moistening materials 
and solid carriers, preferably caolin, to solid or liquid 
preparations, preferably in combination with other active 
^stances. From the thus-obtained preparation a solution 
or suspension containing the compound according to the 
invention in a concentration of 1 to 50 pp. is made ano it 
i5 applied in a known way to the plants, preferably in an 

amount of 0.5 to 5 g/ha. 

Th, invention is further illustrated ■=» ™ tM °" in ° 

non-liir.iting Examples. 
Example 1 

PolyL-lysine HBr salt 

.) faenzyloxycarbonyl-l-lysine-p-nitrophenylester.HCl. 

X0 9 01 NTWloxyc.rbonyl-(N-t.rt.but,lo»yc.rbonyl>- 
. L -lysine-p-nitrophen»l ester was disso!ved in .0 .1 of 
ttifluoroacetic acid ana an equivalent amount ol 2N HC1 in 
EtOM .as added. Alter stendinj, for one hour at room 
temperature the solution .as evaporated in vacuo tc half 
vol „s.e, then ether .as added and the solution .as crystallize. 
T1.M. 8.3 0 t*i.M«. -.P- »"«* ° C; TU = 0 
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(n-butanol-acetic acid-water 4 ; 1 : 1). 

b) ffoen2yloxycerbonN 1-N-(N ^benzyl ox yea rbcr\ ;-k X - 
-tert . butyl oxycarbcnyl- L-lysil)-L-iysine-p- 
-nitrophenylester „ 
7.69 g (20 mmole) of N^ben2yloxycarbonyl-(N-tert .butyl 
oxycarbonyl)-L-lysine were dissolved in abs. acetoni trile . 
2.8 ml (20 mmole) of triethylamine and then 2.B ml of 
isobutylchloroformate were added dropwise, under vigorous 
stirring. After activation (20 min.) 9 g of the salt of 
step a) were added, followed by dropwise addition of a 
cold solution of 2.B ml of triethylamine in 5 ml of aceto- 
nitrile. Stirring was continued for 2 hours at -10 °C. The 
mixture was diluted with 300 ml of 0.5 M HC1. The solid 
product was collected, dried and recrystallized from a 1 : 1 
mixture of ethyl acetate and petroleum ether. Yield: 12.9 g 
(89.02%); rn.p.; 126-131 °C. Analysis: -0NP content 59.-8%. 
TIC R f = 0.6* (EtOAC-cyclohexane 3 : 1). R f = 0.91 (n-butencl- 
-acetic acid-water 4 : 1 : 1); HPLC tr. = 8.8 min. (k' = 2.2); 
column: 0DS-Hypersil-6 (125x4 mm); eluent: MeOH-CHjCN-0. 02 
M NaOAc buffer (pH4) 40 : 30 : 30 v/v; flow rate: 1 rol/min.; 
detection: UV 254 nm. 

c) N*Ben2yloxycarbonyl- N 1 -benzyloxycarbonyl-l- 

-ly sine )-L-lysine-p-nitrophenyl ester -hydrochloride 
From 10.5 g of ^ben2yloxycarbonyl-N-(N^benzyloxy- 
carbonyl-N'^tert .butyloxycarbonyl-L-lysil )~L-lysine-p- 
-nitrophenylester 10.25 g of salt were produced according 
to step a). M.p.: 109-113 °C. TLC R f = 0.70 (n-Bu0H-Ac0K- 
-H-0 4:1:1). 
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c) Nttert.-BwtyiexycBrfccnyl-tri(N-i9-.:.-:»>:arwrr> 
-• L -ly£ine)-p-nitrcphe^yl££ter 

5.71 g (15 mtr.cle) of N"benzylcxycarbc-yl-(N-tert . - 
-butyloxycarbonyl)-l-lysine were : transformed into irixed 
anhydride, as in step b), with triethylarine , iscbutyl- 
chloroformate in acetonitrile . 10.5 g of l£b er.zyloxycarbonyl 
-N^N'^-benzyloxycarbonyl-L-lysiU-L-lysine-p-nitrophenyl- 

ester hydrochloride were added in the presence of triethyl- 
amine. By working up as in step b) 13.9 g product were 
obtained (85.4%). It was recrystallized fror. acetonitrile 
and ether. M.p.: 145-150 °C. Analysis: ONP content 99.6V, 
TLC R f = 0.98 (n BuOH.-AcOH-H 2 C 4:1:1); HPLC tr. = 18.2 
min. (k« = E.l); column: OOS-Hypersi 1-6 (125x4 cr); eluent: 
MeOH-CK.CN-0.02 M NeCAC buffer (pK4) 40 : 30 : 30); flow 
rate: 1 ml/rnin.; detection: UV 254 nr.. 

e) Tri-CN^srer.rylcxycarbonyl-L-lysinei-p-r.itrc- 

pnenvlester-hydrochlcride 
12.2 g of ester prepared in step c) were treated 
as in step a). In this way 12.1 g (95.4%) cf the salt were 
obtained; r.p.: 106-125 °C. TLC R f = 0.71 (n-Bj-CK : AcOH : H-Q 

4:1:1). 

f) Pel y-6-N^benzyloxycerbonyl-L-ly sine 

23 g (24 mmole) of tri-(N* t -benzylcxycarbonyl-L- 

-lysine)-p-nitrophenylester-hydrochlcride were condensed 

in 60 rr.l of dirr-ethylsul f oxide , in the presence cf 4.5 r: 

of t-ieth>larine, up to gel formation. The pcivr.er wac- 

isolates t> pcurinc into an aqueous 5% NBjCOj solution 

Yield: 16.8 c (E9.6H). Analysis: 2 CC : 16.8% (calc.V 

2 
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H.3% (founc: ; Zn 5p / /c z 3i - 52 c - 3/ S <c = -.55 r 1 : c;- 
chlrrcacetic acid) . 

g) Poly-£-L-lysir,e h> drctrcRics 

16 9 of protected polymer 1 of step t] *ere dissolved 
in 100 inl of trif luoroacetic acid and 10D rl zi K5r/AcOH 
were added. The end-product was precipitated fcy ether. 
Yield: 14.7 g (91.6%). Analysis: Br: 37.7% (calc), 36.8% 
(found); A 254 nn .a 0. Paper chromatography: Wl 23x62, eluent: 
n-EuOH-AcOK-Pyr.-H 2 0 30:6:24:20. Yield summarized: 36.62% 
(starting from protected monomer); lB.e5% (frcm free lysine). 
MW = 5500 - 20,300 0. 

h) Purification of the crude end-predict 

25C g of the prlyner ctr-tained in step c) were cissclved 
in water and then chrcr.atcgrsphed cn Sephadex G-50 (fine) 
cclurrn. Eluer.t: dist. water, 0.9% NaCl sclLtic~. cr 0.1 l« 
HC1 sclutior. Detect;:-, for fractions (1 r.I ; at U\ 22C r.r.. 

i) PLTificcTior of the crude end-p"Cw:t 

2 c of pcl\ -£ -L-lysine hydrctrciie prepared :r. 
step g) were dissolved in 2 rrl of water, tr.e~ 23 rl of 
etnanoi were added. The pclymer was precipitate:: t> EC rl 
cf diethyl ether. After 24 hours of sta-.cirg at 5 °C it 
was filtered, washed and dried. Yield: 1.2£ g (E3%) (57.7% 
when calculated for the starting protected tripeptide). 

The thus-obtained substance is designated as 
SZTP-U; = 12,7CG D; L~*J™ = -32.A C '.z 2; h.C;; 
polydispersity = 3.7. 



- t? - 

The fallowing sjtrstarce:: were ;re:a:e: i- sir: : ar 

W£> : 

SZ7P-15 MW = 11,£0C-20G L^J^ = -31. ? = 

SZTP-16 MW = 13,400-200 C^J^ = -32. 6 C 

SZTP-17 MW = 14,500^200 f«jl° = -32.1° 

Example 2 

Poly- t-L-lysine hydrochloride 
A solution of 1 g of the polymer prepared as 
describee in Example 1 in 40 rrl of 2M NaCl solution was 
dialyzeri against 2M NaCl solution, followed by water. 
Ater lycphilization 0.B5 g cf pclyner was obtained. 

Example 3 

Pcly- £-L-lysine (free base) 

An ion-excha-ge column (*G r.I) »as prepared fro- 
Dowex I-Om enion-exchanger resin. The s:2ut:c~ cf i g of 
the pclyrer. prepares as cescribed i" E> arris 1, :r. ZZ rl 
cf water was crrcrr.a tographed at a :2c» rate cf 1 c 3 /rir.. 
Tne fractions were analyzed, collected anc 1> rpr.il izec . 
0.65 g cf polymer was isolated. 

Example 4 

Poly- C-D-lysine hycrobrcr.ice 

Starting from 10 g cf N*-ber.z> lovcsrrmyl-S^-ter 
butyl oxycarbcnyl-D-lysine-p-nitrcp-.e-) iester c^e proceeds 
as described in Exarple 1. In tMs wa> 1.3 g cf po;>- = r 
were obtained. 
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MW - 65CD; Z-^?^ . . 47 0E o (c = 0 J2; hg< 



Exa.-ple 5 

Poly-cf-L-ornithine 

» 

According to the method described in Exsr.ple 1, 
starting -frons 10 g N*--benzyloxycarbcnyl-(N 0 - tert . -butyl- 
oxycarbonil)-L-ornithine-p-nitrophenylester, 7.9 g of N°-- 

-benzyloxycarbonyl-L-ornithine-p-nitrophenylester-hydro- 
chloride were obtained. M.p. : 87-90 D C. This salt was 
coupled in the way described in step lb) with N^-ber.zyl- 
oxycarbon y l-(N<tert.-butyloxycarbonyl)-L-crnithine into 
N°"-Z-N cr (N^.2-N' cr -tert.-bi.tylox y =arbcnyl-L.crnithyl)-L- 
-crnithine-p-nitrcpher.ylester dipsptide (l?.l g) ; ir..p. : 
133-136 C 'C. Repeating step la), N^Z-M^CN ,a -2-L-crnith, 1 
-L-crnithine-p-nitrophenylester hydrochloride was prepared 
fro* tr.e cipeptice (11.99 B: m .p.: 115-119 °C), frc*'wh:ch 
* Cw-- ui : v n -/.-_-cr-itl-.ine)-p-nitrcp'-Er\ l££-ter ; 1^ . £ z . 
it. p.: 150-153 C C) was obtained by cruplir- szzcztir.- tc 
tne rethc-d of step lb). The iri(K 9i -Z-L-crr.it-r.e)-p-ritrc- 
phen ; .iester salt was prepared according t: the rethcd cf 
step le), is. p. : 115-130 °C. 22 g of this prcdjct were pol>- 
ccndenssted as in step If), resulting in 15. A g of <Kpol> 
-N -benzyloxycarbonyl-L-ornithine (67.6%). Frcr this 
product 13.1 g (93%) of poly- A-ornithine-hydrobrcrride 
were isclatec b> the rr.ethcd of step lc). 
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- wherein 

R * R 5 r«, R 7 and R 10 are, independently fro* each oth«. . 

hydrogen atoms cr alkyl groups, 

eB „ R 9 stand lor hydrogen .tor each, 

B any k 

iE gr. integer frcr ID to 40u-, 
is G, 1. 2 cr 3 end 



m 

is 0 

n 



their aelts, i50 * er£ - 

2 Compounds having the general lorwlt 

n is 0 - end their salts, racemes end optical isomers. ^ 
J. Polyisolysine with an average rcleclar we-.g ■ 

ol 550C to 25,600. ( __ 
4. Polyisocmithine with an average ttie:— • 



cf 4400 to 13,500. 

5. Pharmaceutical pre;arst;c-.s h:-- s - 

and antiviral effect, r r r. r - • • 

' comprising as artive a-e-.t 

a^compound of general formula (I), wherein F.\ R 5 , r«, r ? 

' R? 8nd stand for ^drogen, r i£ an integsr fr ^ ' 
<° to 200, m is 0,1, 2 or 3, n is 0 and the a.ino groups 
have L-configuration, in admixture with carriers and/or 
additives commonly used in the pharmaceutical industry. 

6. Pharmaceutical preparations as claimed in claim 
5, in which the active agent is a pclyisol ysine 
with an average MK of 5500 to 22,500. 

7. A process for preparing pclyisociarinocarbcxylic 
acids having the general formula (I) 

- wherein 

■*. «\ R 6 , R 7 , R e , *» an, ,10 !re th , „., a7 tuunat 

end fray stand fcr hydrogen 
etcm cr C,^ c-kyi croups, 

r 

is a- integer frcr. ;c tc a: 

r, 

is an integer frrrr 0 to 10. 
and 

n 

is an integer frcr 0 tc ID 
their salts, racemates and optical isomers, b> coupling 
the corresponding monomers and polyconensation cf the 
oligomers obtained in this way, characterized in 
that a moncmer cr oligomer having the general fcrr-de (n), 
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H 



HN — 




C-r-C 




CO 



R 7 / m nhrV/p 



(II) 



OR' 



- wherein q is an integer fro* 1 to 9, R 1 is an amino 
protecting group and in oligomers all R 1 are the same, 
R 3 is an active ester protecting group for carboxyl groups 
suitable for protection and simultaneous activation , R , 

r 5 , R 6 , R 7 , R 8 , R 9 . r1 °» m antj n sre as st8led 8bCVe 
incase of oligomers the substituents may be the same or 
different - is coupled with a monomer having the general 
formula (III) 



R u /R 6 \ R' 



R 2 -HN 



— c—fc 



R 5 V/ m NHR 1 \R7 n 




COX 



(II 



- wherein R 2 is an amino protecting group different from R 1 
which can selectively be removed from beside the R 1 
group, X is a carboxyl-activating group with the proviso 



SI - 



*. * S . »». „io „.,/■••- s ""»- 

• , R ona n sre s* e*s*e- 
*•». - .nd fron th. obtained conpcund of „„S 
formula (IV) 



I 



«\ 



HN — C- 



R 5 \R 7 y 



R 10 M 



I 



m 



NHR 1 



CO 



x 'n 



0R : 



(IV) 



- -».» th. s^tituents sre same .. .„.„ sni is ^ 
integer from 2 to 10 - th* R 2 

then if « ' P"tectin B srcuP is „ 

■oncer of the general formula (III) 

in a knawn 15 P-V-^e.-.sated 

W8V ' 8nd » if -h en the obtains, eo _.. n . 

^ng the general formula CI) is in free 

- transformed to a salt, or if it is a salt, it 
^med to a base or to another salt. 

8 - * Pr0 " SS 35 in claim 7 for p- CCucino 

Polyisodia.ino carboxylic acids of ^"ucang 

yxac acids of general formula (I) _ 
"Herein the value of r\ R 3 f R 6 r7 10 . 
in claim i , snd r is 35 stated 

in claim 1, m is 3 and n is 0 - and their salt* 

characterized in that a monomer or 0 e - r - • 

tf 9eneral formula (II) . wherein ^ r3> r4 " r5 * 
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R 10 and q are as stated in claim 1, and m ard r are as 
stated above - is reacteo with a monomer havir.g the general 

* r 2 R* P 5 R 6 
formula (III) - wherein the meaning of R , R , * . * » • 

R 7 , R 10 and X is as stated in claim 1, and m and n are 
as stated above - and from the obtained compound having the 
Beneral formula (IV) - in which the substituents are as 
stated above and the value of s is as stated in claim 1 - 
the R 2 protecting group is removed and, if desired, when 
s * 9, the obtained product is reacted with a monomer of 
Beneral formula (III) or it is polycondensated in a known 
way. 

9. A process as claimed in claim 7 for preparing 
polyisodiamino carboxylic acids having the general formula (I) 
- .herein the meaning of R 1 , R 3 , R 4 . * 5 . > R? « r1 ° and q 
is as stated in claim 1, and m and n are as stated above - 
and their salts, in which a monomer or an oligomer of general 
formula (II) - wherein R 1 , R 3 , R*. R 5 , r6 « • * l ° * 
have the same menaing as stated in claim 1, and m and n 
have the above meaning - is reacted with a monomer having^ 
the general formula (III) - wherein R 1 , R 2 , R* . * . R • R • 
R 10 and X are as stated in claim 1, and m anc n are as 
stated above -, then from the obtained compound having the 
general formula (IV) - in which the substituents are as 
stated above and s is as stated in claim 1 - the R 2 protecting 
group is removed and, if desired, the obtained product is 
reacted, when s * 9, with a compound having the general 
formula (III) or it is polycondensed in a known way. 



10. A process as claimed in claim 7 fcr preparing 
polyiso-L-lysines and their salts, characterized 
ir. that N"-Z-L-lysine-p-nitrophenylester hydrcchlcride 

and iT-Z-N'-BOC-L-lysine, transformed into a mixed anhydride 
with isobutyl-chloroformate, are used as starting material. 

11. A process as claimed in claim 7 for preparing 
polyiso-l-ornithines and their salts, characterized 
in that N"-Z-L-ornithine-p-nitrophenylester hydrochloride 
and tf*-Z-NP-BOC-L-Drnithine, transformed into a mixed 
anhydride with isobutylchlorof ortnete, are used as starting 
materials. 

12. A process as claimed in claim 7 fcr preparing 
polyiso-O-lysines and their salts, characterized 
in that N"-Z-D-lysine-p-nitrophenylester hydrochloride and 
N"-Z-N £ -BOC-D-lysine, transformed into a mixed anhydride 
with isobutylchlcroformate, are used as starting materials. 

13. A process as claimed in claim 7 fcr preparing 
polyiso-D-ornithines and their salts, characterized 
in that N*-Z-D-of nithine-p-nitrophenylester hydrochloride 
and N^-Z-N^-BOC-D-ornithine, transformed into a mixed 
anhydride with isobutylchlorof ormate, are used as starting 
materials. 

14. Compounds of the general formula (1) where R^, R 
V V V V R io« r ' » and n are as defined in claim 7 
(including salts thereof), when made by the process of any one of • 
claims 7 to 13. 



